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ABSTRACT 

Add i t iona l  information on t h e  problem o f  hard 
ice formation on t h e  cryogenic tankage of h e a t  s i n k  b o o s t e r s  
i s  reviewed. 
formation on un insu la t ed  tankage. I n d i c a t i o n s  are t h a t  f i l m  
type  coa t ings  such as Teflon could s u b s t a n t i a l l y  reduce t h e  
th i ckness  of  hard ice which could adhere t o  aluminum cryo- 
g e n i c  tankage. 

The d a t a  aff i rm t h e  p r o b a b i l i t y  o f  hard  ice 
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MEMORANDUM FOR F I L E  

T h e  problem of hard ice formation on heat  s i n k  
boos te r s  w a s  reviewed i n  Reference 1. I t  was concluded 
t h e r e i n  t h a t  t h e  problem w a s  real: t h a t  hard  ice forma- 
t i o n  on a h e a t  s i n k  w a l l  dur ing  ra ins torms  could s e r i o u s l y  
compromise t h e  concept i n  t h a t  accumulation of ice might 
prec lude  launching dur ing  rainstorms due e i t h e r  t o  weight  
pena l ty  o r  damage i f  t h e  ice  w e r e  t o  break loose. The 
t o p i c  has been f u r t h e r  researched,  p r i m a r i l y  w i t h  t h e  h e l p  
of Major J. Bryant of  t h e  Standard Launch V e h i c l e s  Program 
O f f i c e ,  SAMS0,and t h e  McDonnell Douglas As t ronau t i c s  Company- 
W e s t  (MDAC-W). T h i s  memo d i scusses  t h e  a d d i t i o n a l  in format ion .  

D I S  C"S s I GI: 

Major Bryant searched t h e  A i r  Force and MDAC Thor 
Project records  on t h e  sub jec t .  The m o s t  s i g n i f i c a n t  p i e c e  
of informat ion  ob ta ined  r e l a t e d  t o  a 1 9 6 5  Thor launched 
GEOS A. 

between t h e  s ta r t  of LO2 loading  and l i f t o f f .  
upon engine s t a r t  whereupon t h e  Thor f l i g h t  performance w a s  with-  
i n  s p e c i f i c a t i o n s .  
p o t e n t i a l  hard  ice bui ldup  ind ica t ed  t h a t  as much as 3000 lbs  
could have been a t t a c h e d  t o  t h e  LO, tank.  
t h a t  t i m e  t h a t  no eva lua t ion  of t h e  effects  of t h i s  added weight  
on e i t h e r  vehicle performance or  launch pad damage could be made. 
A t  p r e s e n t  t h e  MDAC-W Thor/Agena and Thor/Delta Program O f f i c e s  
e s s e n t i a l l y  ignore  t h e  sub jec t .  (Major Bryant noted t h a t  t h e  
above a l s o  a p p l i e s  t o  SAMSO A t l a s  v e h i c l e s . )  Thus ice formation 
has  n o t  been a problem i n  A i r  Force launches of Thor o r  A t l a s  
vehicles. 

T h i s  Thor LO2 tank  w a s  exposed t o  r a i n  f o r  64  minutes 

T h i s  ice  w a s  shed 

T h e  r e s u l t s  of a w o r s t  case a n a l y s i s  of t h e  

I t  w a s  concluded a t  
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MDAC-W independently has researched  t h e  s u b j e c t .  
A b ib l iog raphy  o f  t h e  l i t e r a t u r e  ob ta ined  i s  appended. 
F igu re  1 summarizes t h e  t o t a l  d a t a  a v a i l a b l e  wh i l e  F igu re  2 
p r e s e n t s  d e t a i l  d a t a  f r o m  2 1  Thor booster f l i g h t s .  The 
d a t a  shown i n  both  f i g u r e s  repeat and confirm t h e  observa- 
t i o n s  made i n  Reference 1, namely t h a t  du r ing  r a i n ,  heavy 
ice does form on un insu la t ed  LO2 or  LN2 tanks .  
t h e  retmrds f o r  Boosters  136 and 2 0 2  as r epor t ed  i n  F igure  
2 i n d i c a t e  t h a t  ice formed on high humidity non-rainy days.  
However, MDAC-W chose t o  ques t ion  these p a r t i c u l a r  d a t a  
p o i n t s .  I n  1968, MDAC conducted i c i n g  tests on aluminum 
tanks  unaoated or coa ted  w i t h  selected polymer f i l m s .  The 
r e s u l t s  (F igure  3) show t h a t  tank c o a t i n g s  such as Teflon 
can s u b s t a n t i a l l y  reduce the  shear stress a t  which ice w i l l  
shed f r o m  an aluminum tank,  thus reducing  t h e  th i ckness  of  
ice  bui ldup.  
des ign  i t  would be necessary  t o  (1) determine t h e  shear and 
t e n s i l e  bond s t r e n g t h  of  ice on coa ted  and uncoated aluminum 
tankage, ( 2 )  determine t h e  areas o f  a v e h i c l e  which w i l l  
r e q u i r e  p r o t e c t i o n  from f a l l i n g  ice,  and ( 3 )  assess t h e  poten- 
t i a l  v e h i c l e  performance degrada t ion .  
s tudy ing  experimental  approaches which could provide  t h e  
d e s i r e d  des ign  d a t a .  

MDAC-W has been working on a hea t  s i n k  boos te r  
concept  whose f e a t u r e s  have less p o t e n t i a l  ice problems than  
the Grumman concept  desc r ibed  i n  Reference 1. T h e  Grumman 
b o o s t e r  s e p a r a t e s  a t  a v e l o c i t y  of 8450 ft/sec and r e q u i r e s  
t h a t  t h e  i n t e r n a l l y  i n s u l a t e d  LH2 tank  w a l l  t empera ture  be 

colder than  -250OF a t  l i f t o f f .  The MDAC-W booster s e p a r a t e s  
a t  a v e l o c i t y  of 7677 ft/sec. 
l y  reduces t h e  thermal i n p u t  to  t h e  b o o s t e r  s t r u c t u r e  du r ing  
f l i g h t  and allows i n t e r n a l l y  i n s u l a t e d  LH2 tank  w a l l  t o  be 

des igned  t o  be a t  ambient cond i t ions  (+70°F) a t  l i f t o f f .  The 
e x t r a  i n t e r n a l  i n s u l a t i o n  r equ i r ed  t o  main ta in  t h e  l a r g e r  
tempera ture  d i f f e r e n c e  between t h e  aluminum tank  and t h e  LH2 
prcpe l lan t  does fist penalize the vehic le  performance. ( B o t h  
t h e  Grumman and mAC-W des igns  use  t h e  same c r i te r ia  f o r  t h e  
un insu la t ed  LO t anks . )  N o  ice should be formed on t h e  +7OoF 
tank  w a l l s .  Ice w i l l  form on the LO2 tanks .  MDAC-W believes 

t h a t  f i l m  c o a t i n g s  a p p l i e d  t o  t h e  LO2 tank  w i l l  s u b s t a n t i a l l y  

reduce  t h e  ice  th i ckness  and hence t h e  damage p o t e n t i a l .  

I n  f a c t ,  

MDAC-W s t a t e d  t h a t  f o r  proper  h e a t  s i n k  b o o s t e r  

MDAC-W is  p r e s e n t l y  

T h i s  lower v e l o c i t y  s i g n i f i c a n t -  
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MDAC-W a l s o  b e l i e v e s  t h a t  coa t ings  such as Teflon can have 
adherence l i f e t i m e s  which w i l l  n o t  reduce t h e  b o o s t e r  over-  
hau l  t i m e .  I n  essence ,  MDAC-W does n o t  f e e l  t ank  i c i n g  is  
an impor tan t  se lec t ion  cr i ter ia  i n  c o n s i d e r a t i o n  o f  t h e i r  
heat  s i n k  boos te r  concept.  

COMMENTS 

T h e  MDAC-W heat  s ink  b o o s t e r  des ign  compared t o  
t h e  Grumman approach, if f e a s i b l e ,  would reduce t h e  damage 
p o t e n t i a l  of hard ice f a l l - o f f  du r ing  l i f t o f f .  However, 
t h e  p o t e n t i a l  f o r  damage s t i l l  i s  p r e s e n t .  I t  would appear  
i n  o r d e r  t o  conduct an  experimental  tes t  program t o  provide  
d a t a  t o  b e t t e r  d e f i n e  t h e  hard ice damage p o t e n t i a l  and 
p o s s i b l e  means o f  prevent ing  t h i s  damage. 

1013-CB-a]] P C. Bendersky 

Attachments 
F igu re  1-3 
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